This paper explores the prevalence and predicting factors of depression in older Korean community-dwelling adults, giving special attention to nutrition and social support. Data from male (n = 123) and female (n = 135) older adults were collected in two senior centers in 2009. We found that depression was present in 17.1%. No significant gender difference was found in the prevalence of depression although the predicting factors were gender specific. In male participants, deficient protein intake, having more chronic diseases, and having a subjective perception of difficulties in mastication were predicting factors for depression, whereas deficient vitamin B6 intake, lower cognition, and lack of social support were predicting factors in female participants. The high prevalence of depression, regardless of gender, highlights the urgent need to screen depressed elders. The different predicting factors for depression in male and female older adults suggest a need to develop gender-specific interventions to alleviate depressive symptoms.
INTRODUCTION
Depression is an important geriatric health condition, both as a disease entity in and of itself and as a risk factor for other health outcomes. It has been reported to decrease quality of life (Lee et al., 2005; Keshavarzi et al., 2015) and to increase morbidity and mortality (Blazer, 2009) .
The prevalence of depressive symptoms among communitydwelling older people in Western countries has been reported to be between 10% and 40% (German et al., 2011; Stewart & Hirani, 2012; Keshavarzi et al., 2015) . The prevalence of probable depression in older Koreans has also been reported to increase with age Park & Kim, 2011; Lim, 2014) .
In aging individuals, depression has been reported to be linked to low levels of education (Lim, 2014) , low income (Sung, 2011) , functional limitations (Lee et al., 2005; Lim, 2014) , poor cognitive abilities (Wong et al., 2015) , and reduced support from family (Chun et al., 2006) . Chronic illness has also been associated with depression (Krishnan et al., 2001) . Recent studies have focused on the relationship between nutritional status and depression, although the direction of causality has not been identified. Loss of appetite and weight loss have been found to be associated with depression (Yoshimura et al., 2013) . Depressive symptoms in older people have been associated with their total intake of vitamins B6 and B12 (Skarupski et al., 2010) .
However, discrepancies still exist in research about nutrition, sex, and depression. Previous studies on the relationship between depression and malnutrition or obesity are contradictory (Forman-Hoffman et al., 2007; Noh et al., 2015) . The prevalence of depression and related factors might be more sex specific in Asian countries compared to Western countries due to sex inequality in older adults in Asian countries (Chun et al., 2008; Lim, 2014) .
METHODS

Sample and survey
This study was conducted as a parallel to a previouslypublished study (Choi-Kwon et al., 2012a) . The design and methods of the present study are briefly summarized. We initially examined 318 participants who were over 65 years of age, registered with one of two regional senior centers in Korea, and agreed to participate in the study. The participants were recruited using flyers and banners posted at local senior centers. Of the 318 participants, we excluded 60, as 28 were considered to have dementia, according to the Korean version of the Mini-Mental State Examination (MMSE-KC) (Seoul National Univerisity Bundang Hospital, 2009), and 32 did not complete the questionnaire. A total of 258 participants were ultimately included. Using the G-power analysis program (version 3.1.3; Heinrich-Heine-Universität Düsseldorf, Düsseldorf, German), the power of this study was calculated as 0.99, based on a medium effect size of 0.15, a type 1 error rate of 0.05, and nine predictors (Cohen, 1988) .
The original data were collected from January to February of 2009. Structured interviews were performed by trained nursing students using a questionnaire. Briefly, a 2 h formal training session for nursing students was held to ensure the reliability of the interviews. The initial interview sessions were then supervised at the data-collection site by the authors, and any disagreements about how the interviews were conducted were resolved by discussion immediately following the interviews. The study was approved by the institutional review board of the university, and all participants provided written, informed consent prior to the interviews.
Measures
Demographics, health-related characteristics, and depression
The questionnaire included items regarding age, sex, educational status, living situation (alone, with spouse, or with others), number and type of comorbidities, and current economic status. Educational status and current economic status were evaluated based on years of education and on whether participants were recipients of National Basic Livelihood Security support from the government, respectively. The number and types of comorbidities (hypertension, diabetes mellitus, arthritis, stroke, or cancer) were assessed by asking how many and which chronic diseases each participant had. The presence of difficulties in mastication was recorded by asking how difficult it was for participants to masticate food, with responses classified as severe, moderate, or none (Kim & Lee, 2007) .
Levels of physical activity were assessed using the International Physical Activity Questionnaire (IPAQ), and quantified as metabolic equivalents (MET)/min/week (1 MET = 1 kcal/ kg/h) (Craig et al., 2003) . The results of the IPAQ are classified into three categories: >2500 MET/min/week (good), 500-2500 MET/min/week (low), and <500 MET/min/week (none). The participants' cognitive function was assessed using the MMSE-KC (Seoul National Univerisity Bundang Hospital, 2009). Social support was assessed using the Enhancing Recovery in Coronary Heart Disease Social Support Inventory (ESSI) (Mitchell et al., 2003) . The Cronbach's alpha of the ESSI in this study was 0.87.
Depression
Depression was considered to be present if the patient's score was ≥10 on the Geriatric Depression Scale-Korean (GDS-K) (Kim et al., 2009) . The Cronbach's alpha of the GDS-K in this study was 0.80.
Nutritional status
In order to ensure a multidimensional assessment of nutritional status, three measurements were obtained: body mass index (BMI), biochemical nutritional measurements (hemoglobin, transferrin, albumin, and lymphocytes), and information regarding nutrient intake.
To assess obesity and undernutrition, the BMI was calculated after measuring height and weight in a physical examination room at each welfare center (Choi-Kwon et al., 2012a (Seo et al., 2008) . For biochemical measurements, venous blood samples were obtained after an 8 h fast and centrifuged at 1500×g for 10 min; the serum fraction was then separated into several aliquots. The serum was put on ice and transported to the laboratory to measure levels of hemoglobin, transferrin, albumin, and lymphocytes (Ewon Lab, Seoul, Korea) . Following the criteria of the World Health Organization (2011), abnormal hemoglobin was defined as a hemoglobin level of ≤13 g/dL in males and ≤12 g/dL in females. Transferrin levels of <212 mg/dL, albumin levels of <3.5 g/dL, and fewer than 1500 lymphocytes per square millimeter were also considered to be abnormal (Park et al., 2006) .
Nutrient intake was measured with the use of the SemiQuantitative Food Frequency Questionnaire (SQFFQ) (Lee et al., 2002) and analyzed using the Computer Aided Nutritional Analysis Program (version 3.0; CAN-PRO, The Korean Nutrition Society, Seoul, Korea). To reduce recall bias, we limited our interview to the previous year of food consumption, and encouraged our respondents to recall seasonal variation in the food they consumed. The validity and reliability of the SQFFQ have been previously reported (Choi et al., 2001; Cho et al., 2006) .
The nutrients analyzed in our study were those that have been reported to be related to depression in previous studies: calories, protein, vitamin C, folate, and vitamin B6 (Merete et al., 2008; Oishi et al., 2009; Johansson et al., 2013) . Vitamin B12 was not included in this study due to the lack of a database for vitamin B12 in CAN-PRO version 3.0. Deficiencies in calories, protein, vitamin C, vitamin B6, and folate were defined as consumption of <75% of the recommended intake suggested by the Korean Nutrition Society (2005) (Seo et al., 2008) : 1500 kcal/day in males and 1200 kcal/day in females, 37.5 g/day of protein in males and 33.8 g/day in females, 75 mg/day of vitamin C in both males and females, 1.125 mg/ day of vitamin B6 in males and 1.05 mg/day in females, and 300 μg/day of folate in both males and females. We obtained permission to use all the instruments in this study, if required.
Data analysis
Data were analyzed using the SPSS 18.0 statistical package (SPSS, Chicago, IL, USA). A significance level of 0.05 was chosen for all comparisons. Participants were divided by sex and the presence of depression for the descriptive statistical analyses. The t-test and χ 2 -test were used to compare the associations of demographic information, health-related characteristics, and nutritional status with the presence of depression. Forced entry was chosen for entering variables into the regression model because there were no known sex-specific predictors of depression, meaning that an order for entering predictors into the model could not be determined (Field, 2000) . By using forced entry, all predictors were forced into the model simultaneously. To test for multicollinearity, the variance inflation factor was assessed. When it was less than 10, multicollinearity was not considered to exist (Belsley et al., 2005) .
RESULTS
Descriptive information and the prevalence of depression
The sample consisted of 123 male (47.7%) and 135 female (52.3%) community-dwelling adults aged 65 years or older (Table 1) . Depression was present in 17.1% of the participants (16.3% of men and 17.8% of women), and the mean score on the GDS-K was 5.52 (5.49 for men and 5.56 for women). Seventy eight participants (30.2%) lived alone. The numbers of comorbidities in male and female older adults were 1.5 ± 1.2 and 2.0 ± 1.4, respectively. The types of comorbidities were hypertension (n = 114, 40%), diabetes mellitus (n = 41, 15.9%), arthritis (n = 55, 21.3%), and stroke (n = 5, 1.9%). No participants reported a history of cancer. Fourteen older adults (5.4%) were recipients of National Basic Livelihood Security support. Fifty two men (42.3%) and 62 women (45.9%) reported severe difficulties in mastication. Seventeen men (13.8%), and 35 women (23.7%) were categorized as engaging in no physical activity. No significant differences were found in the level of physical activity between female and male participants. The average social support scores were 17.8 and 18.1 in male and female older adults, respectively.
Factors related to depression
As predictors of depression have been reported to be sex specific (Wild et al., 2012) , we separately analyzed the results in men and women.
Older men
The presence of more chronic diseases (P < 0.05), the subjective perception of difficulties in mastication (P < 0.05), and low social support (P < 0.05) were related to depression, while other sociodemographic health-related characteristics and levels of physical activity were not (Table 1) . When we further categorized male older adults by age (≤70 years vs >70 years), we found that participants who were >70 years old were more likely to be depressed than those who were 70 years old or younger with a marginal significance (P = 0.063). BMI and biochemical nutritional measurements, such as hemoglobin, transferrin, albumin, and lymphocytes, were also not related to depression (Table 2) . Deficient calorie intake (P < 0.05), deficient protein intake (P < 0.01), deficient vitamin C intake (P < 0.05), deficient vitamin B6 intake (P < 0.01), and deficient folate intake (P < 0.01) were related to depression in older males (Table 2) .
Older women
Low levels of education (P < 0.01), cognitive function (P < 0.05), and social support (P < 0.05) were related to depression (Table 1) . Physical inactivity, BMI, and all biochemical parameters were not.
Deficient calorie intake (P < 0.05), deficient protein intake (P < 0.01), deficient vitamin C intake (P < 0.05), deficient vitamin B6 intake (P < 0.01), and deficient folate intake (P < 0.01) were related to depression in older females (Table 2) .
Predictors and association of depression in logistic regression analysis
Variables significantly related to depression in the bivariate analyses were used in the logistic regression analysis. Men who had a protein deficiency were 8.71 times more likely to be at risk of having depression (ß = À2.149, P = 0.027), while those who perceived severe difficulties in mastication and those with more chronic diseases than average were 5.25 times (ß = 0.886, P = 0.019) and 1.71 times (ß = 0.553, P = 0.033) more likely to suffer from depression, respectively. Women who had a vitamin B6 deficiency were 6.19 times more likely to be depressed (ß = À1.823, P = 0.032), whereas those who had lower cognitive function and lower social support were 1.33 (ß = À0.283, P = 0.047) and 1.14 times (ß = À0.133, P = 0.025) more likely to suffer from depression, respectively (Table 3) .
DISCUSSION
In this study, we documented the prevalence of depression in older Korean people, and explored sex-specific factors related to depression, with particular attention paid to nutritional status and nutrient deficiencies.
We found that the prevalence of depression in our population was lower than has been found that reported in Western countries and in Korea (German et al., 2011; Sung, 2011; Stewart & Hirani, 2012; Lim, 2014) . Depression in older Korean adults might not be as common as in Western countries due to the value placed on kinship ties and the importance of familial responsibility for caring for older people in Korea. Traditionally, Koreans have followed Confucian ideology, which places primary importance on loyalty to older adults (Kim & Cho, 2011) .
In addition, the lower prevalence of multiple chronic illnesses among our participants in comparison to the participants in a previous Korean study (Lim, 2014) might have also contributed to the low prevalence of depression in our study. A previous study reported a positive correlation between comorbidities and depression (Chan & Zeng, 2009) .
Some studies have reported older females to have a higher rate of depression compared with their male counterparts (Bailly et al., 2015; Li et al., 2016) . Other studies, however, have reported that older men are more often depressed than older women (Lim, 2014) . However, we found no differences in the prevalence rate of depression according to sex. We do not have a clear explanation for this discrepancy, although it could be reflective of different study populations. Lim (2014) only included older people who had a low income and lived alone, and their study population was predominantly older women (80%). Moreover, the male participants in our study exhibited a higher prevalence of depression than has been documented in previous studies (Sung, 2011; Bailly et al., 2015) . This could have been due to the higher mean age of the male participants. The older men in this study were mostly retired and did not have secure financial resources or social status, which might have increased the prevalence of depression to a rate more similar to that observed among the women. We found that men >70 years of age were more likely to suffer from depression than men ≤70 years of age, which supports this speculation.
Some studies have reported a positive association between BMI and depression (Forman-Hoffman et al., 2007; Noh et al., 2015) , while another study found no such link (Ohayon & Hong, 2006) . In our study, we found that BMI was not related to depression in either older men or women. This discrepancy in the relationship between BMI and depression could be due to the use of different instruments for measuring depression and the reliance of previous studies on self-reported BMI values rather than actual measurements (Noh et al., 2015) . The fact that our participants were much older might also explain this discrepancy.
We did find, however, significant nutrient deficiencies in depressed older men and women. Among the nutrients related to depression, the multivariate analysis revealed that protein deficiency was the only nutrient deficiency predictive of depression in older males, but not in older females. It is possible that deficiencies in protein intake, particularly in tryptophan in males, could have resulted in a decrease in the synthesis of the neurotransmitter serotonin, which has been reported to affect mood (Booij et al., 2002) . However, we could not determine whether this was the case in our study, as we did not measure participants' tryptophan levels. We also found that difficulties in mastication among male participants were a significant predictive factor for depression, suggesting that mastication is important in older men for maintaining a healthy psychological state (Chow et al., 2004) . Encouraging older people to increase their intake of fish, particularly those containing high levels of omega-3 fatty acids, might help relieve depressive feelings, as fish is easily masticated and is a good source of protein (Martineau & James, 2009) .
Interestingly, we found that vitamin B6 was the only nutrient deficiency predictive of depression among older females (Merete et al., 2008) . We do not have a clear explanation as to why the nutrient deficiencies related to depression appear to be sex specific. We also found that cognitive dysfunction was independently related to depression among older women, but not among older men (Kado et al., 2005) . As high doses of vitamin B complex vitamins, including vitamin B6, have been reported to slow the worsening of cognitive decline (Smith et al., 2010) , taking a vitamin B6 supplement or increasing one's intake of foods containing the vitamin, such as nuts, grains, and egg yolks, might not only improve cognitive function, but also depressive symptoms among older Korean females.
We found that a number of comorbidities were related to depression in the male study participants. Although a positive relationship between cancer and depression is commonly reported (Krishnan et al., 2002) , an association between neurological diseases and depression has also been documented (Choi-Kwon et al., 2012b) . In our study, only three older male and two older female participants experienced one or more strokes, and none reported having cancer. Instead, the most frequently-reported diseases among the male participants with depression were hypertension and diabetes mellitus. Our results, therefore, suggest that the greater the number of comorbidities the participants had, the more like they were to be depressed, regardless of the intensity of the comorbidities. The fact that difficulties in mastication and comorbidities were independently related to depression in older males again suggests that general physical well-being is associated with maintaining psychological well-being among older men, although the direction of causality remains to be clarified (Chan & Zeng, 2009) .
A previous study reported that physical inactivity was more common in depressed patients (Lue et al., 2010) . In our study, physical inactivity was not found to be a contributing factor to depression. This inconsistency might have been due to the ceiling effect, as our participants had a relatively high level of physical activity compared to older Koreans overall . We also found no differences in physical activity between male and female participants. Although previous studies have not specifically addressed the effect of sex on physical activity and depression, the homogeneity of our study population might account for the fact that we did not observe any sex-based discrepancies, as we recruited participants who attended the same regional senior facilities on a regular basis and who were involved in similar activities.
The results of this study should be interpreted with caution for a number of reasons. First, our study used a cross-sectional design and our data on dietary intake were based on selfreporting. The possible problem of recall bias due to decreased short-term memory with aging in some participants was inevitable, although the questions focused on the previous year and encouraged our participants to recall the frequency of food consumption in each season to reflect seasonal variation. Second, our data were collected in 2009. However, a recent national survey reported that the prevalence of depression and other health-related characteristics was similar to our data (Ministry of Health and Welfare, 2014) . Finally, the representativeness of our results might be limited because our participants were recruited from senior regional centers, and were healthy enough to attend such centers on a regular basis. Therefore, the prevalence of depression might have been underestimated, and the level of physical activity may have been overestimated for this demographic.
CONCLUSION
In conclusion, the high prevalence of depression among older adults in this study highlights the urgent need to screen for depression and to develop strategies to improve symptoms of depression in affected patients. This research further highlights the importance of sex-specific strategies for alleviating depression, particularly by increasing vitamin B6 intake and boosting social support for women. For older males, increasing protein intake and improving dental health might be helpful for relieving depressive symptoms. 
CONTRIBUTIONS
